concentration, administration route, interval, infusion rate, error in drug unit and others 1 .
INTRODUCTION
A prescription error is a type of error related to writing the prescription itself or an error in the therapeutic decision process. Like any medication error, it has the potential to lead to inappropriate medication use and harm to the patient. Among main prescription errors are illegible writing, use of confusing abbreviations, omission of pharmaceutical form, program that analyze data within EPS to provide prompts and reminders to assist health care providers in implementing evidence-based clinical guidelines at the point of care). The implementation of the EPS occurred simultaneously in 2009 in both hospitals and an extensive training for doctors, pharmacists and nurses was provided by the hospital during that year to guarantee a successful process.
In both stages, we evaluated prescriptions containing at least one of the following PDDs that are associated with a high frequency of errors and significant severity: (1) 10% potassium chloride (KCl), injectable solution, 10 mL vial; (2) unfractionated heparin (UFH), injectable solution, 0.25 mL ampoule with 5,000 IU; or (3) UFH, injectable solution, 5 mL vial with 5,000 units per mL . Prescriptions with one of the PDDs selected but whose dispensation was not effected by the pharmacy for any reason were rejected, as well as prescriptions of outpatients (serviced only in emergency and outpatient services).
A random number table was used to establish the sample of prescriptions to be analyzed. Three hundred forty-nine Stage 1 prescriptions were compared with 679 Stage 2 prescriptions. The sample for Stage 2 was calculated by accepting an error α=5% (0.05), error β=0.20 (20%) and a power of 0.80 (80%), and with the possibility of detecting a difference of at least 7.5% among the samples compared.
Study Variables and Data Collection
Prescriptions were categorized as "pre-typed", "mixed" or "handwritten" (types available in Stage 1) or "electronic" (available in Stage 2).
Prescription errors were identified in the sample of prescriptions evaluated in both stages as to their frequency, type and severity. Dean, Barber and Schachter (2000) criteria were used to identify and classify prescribing errors as to type, which include 8 :
• A) errors in the decision process: erroneous prescriptions of the pharmaceutical form, concentration, administration route, interval, dose and infusion rate; • B) errors in the writing of the prescription: (partial or total) illegibility and errors of omission of prescription components. Patient's name, date and information on the body of the prescription -pharmaceutical form, concentration, administration route, interval and PDD name were considered prescription components.
reporting adverse events. In addition, this elevated number evidences the vulnerability of the prescription process 2 . The computerized prescription process is a complex system that provides the opportunity for standardized and improved communication among health teams. Studies have shown the advantages of electronic prescription systems, such as improving document readability and reducing prescription errors and adverse events, with a positive impact on prescription quality and morbimortality rates 3-5 . Corroborating with this data, in the U.S., estimated annual savings of US$ 81 billion were achieved in 2005, based on the implementation of the electronic prescribing system (EPS), as well as benefits to patient health and safety, strengthening prevention and improving treatment of chronic diseases 6 .
However, despite data addressing the advantages and benefits of EPS use, a systematic review that evaluated the influence of electronic systems on prescription errors has shown that published studies confirm the reduced frequency of medication errors with the implantation of systems, but the question remains as to whether the severity of adverse events caused by prescription errors is reduced 7 .
Therefore, this study aimed to evaluate the prescribing profile of selected potentially dangerous drugs (PDD) (unfractionated heparin and potassium chloride for injection concentrate) as to the frequency and severity of prescriptions errors before and after implementation of an EPS in two large hospitals of Belo Horizonte, Mina Gerais.
METHODS
This is an experimental two-stage retrospective study performed in two public teaching hospitals located in the city of Belo Horizonte, Minas Gerais (Hospital 1 and Hospital 2). Both hospitals are large and with closed medical staff and with a total capacity of 956 beds.
Sample
In Stage 1, manual and pre-typed prescriptions elaborated on 30 consecutive days (from November 17 to December 16, 2007) were analyzed. In Stage 2, electronic prescriptions elaborated on 30 consecutive days (from 01 to 30 September 2014) were also analyzed after the implementation of an EPS without clinical support (which would be a computer-based
The PDD dose was classified as a "wrong dose" (when the prescribed dose was 20% higher or lower than recommended) or as "overdose" (when the prescribed dose was higher than the maximum established by the product's manufacturer or those defined in the literature) 9-11 .
The criteria for judgment of the concentration, administration route, interval and infusion rate were the same as for the pharmaceutical form. The readability of PDDs' names was evaluated and each word was examined separately, trying to avoid interpretation or deduction, according to established standard.
Pharmaceutical form, concentration, administration route, interval and infusion rate were classified as: "wrong" (when the prescription was confronted with references on pharmacology, with the product leaflet and the dictionary of medicinal products, and was incorrect); "Incomplete" (where the pharmaceutical form has not been fully described in the prescription); "Dubious/unclear" (where it was not possible to clearly distinguish the prescribed pharmaceutical form); and "missing" (when the pharmaceutical form was not recorded in the prescription) 9-11 . PDDs names' readability was also evaluated according to the readability standard and classified as "good readability", "difficult to read" or "illegible". Thus, each word was examined separately, avoiding interpretation or deduction, as per established standard. The Kappa index was used to determine reliability of the readability assessment. Readability was verified by the supervising pharmacist of each hospital and by one more pharmacist independently.
Error severity analysis was based on index 1 to 6 proposed by the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) 12 modified by Forrey et al. 13 : (1) no error; (2) an error that would not reach the patient; (3) an error without harm but that could reach the patient and requires monitoring to avoid harm; (4) an error that could lead to temporary harm; (5) an error that could lead to permanent harm; (6) an error that could lead to death.
The prescription error (at least one error or some type of prescription error) was defined as a dependent variable. We considered hospitals (1 or 2) or study stage (1 or 2) as independent variables.
Data review
A univariate analysis was performed to evaluate differences between the two hospitals and between the two stages. We used the chi-square test for this study, or the Fisher-Freeman-Halton test for frequencies lower than five. The Kruskal-Wallis test was used for the comparison between hospitals and stages. All the results were significant for a probability of significance of less than 5% (p<0.05). Statistical Package for Social Sciences (SPSS) software version 17.0 was used for all analyses.
Ethical Aspects
The proposed research was registered in the National Health System and National Commission of Ethics in Research (SISNEP/CONEP) under Nº 0028.1.191.000-05 and was approved by the Research Ethics Commissions / Committees of the two hospitals participating in the project.
RESULTS

Errors Involving Unfractionated Heparin
During Stage 2 at Hospital 1, there was a statistically significant increase in the frequency of prescriptions with at least one error and in the number of pharmaceutical form errors, and the first variable was directly affected by the increase of the second one. On the other hand, a reduced number of errors involving the concentration and dose of UFH was detected. In Hospital 2, there was a statistically significant reduction in the frequency of all variables, except errors associated with the administration route (Table 1) .
Errors Involving Potassium Chloride
Regarding potassium chloride (Table 2) , we observed a statistical relevance for the variables: some error, pharmaceutical form and drug administration route. In Hospital 1, the frequency of errors remained unchanged (p>0.001) regardless of stages for the variables some error and pharmaceutical form, and there was an increase of 46.5% (p<0.001) in the error frequency of the drug administration route. In Hospital 2, there was a statistically significant reduction of errors for the three variables in Stage 2.
Error Severity Assessment
By analyzing the most frequent types of prescriptions of UFH errors (errors associated with the pharmaceutical form and concentration), a significant reduction of its severity rate was observed after the implementation of the EPS. Regarding errors observed in the prescription of KCl, no statistically significant changes were identified in its severity profile (Table 3) . 
DISCUSSION
Prescription errors are cited as one of the most common types of errors. While this is an alarming fact, international and national studies indicate that these are the most likely to be adapted to increase the safety of hospitalized patients 14 .
Such errors were very much the case in Stage 1 prescriptions in both hospitals because non-standard manual prescriptions were used. Despite the high initial frequency of errors in both hospitals, the introduction of EPS brought divergent results for the two analyzed institutions, since there was an increased frequency of errors in Hospital 1 and reduced frequency in Hospital 2.
In Hospital 2, most of Stage 1 prescriptions contained considerable writing errors (e.g. data omission, illegibility and use of dangerous abbreviations) that were easily corrected after implementation of an EPS with appropriate parameterization containing drug name, pharmaceutical form, presentation, posology and administration route. Thus, the EPS contributed directly to reduced frequency of errors involving UFH and KCl.
The increased overall error frequency in Hospital 1 and in the errors involving the pharmaceutical form of UFH and KCl and in the administration route errors for KCl can be explained by the implementation of a system with inadequate parameterization of the prescription that did not take into account issues that are important to prescription safety, such as permission to use dangerous abbreviations, lack of automatic filling of standardized items (e.g. pharmaceutical form), permission of incorrect dosage and administration route prescriptions.
In the specific case of KCl in Hospital 1, the missing drug form in the EPS caused systematically repeated errors every time the drug was prescribed. Therefore, 100% of the prescriptions had some error. In the prescription of UFH in both hospitals, the most frequent types of initial errors were of pharmaceutical form that were associated with the availability of two presentations of this medicine in both institutions. On the one hand, the adequate parameterization of UFH presentations in the EPS of Hospital 2 allowed a reduced frequency of errors in the mentioned variables. In Hospital 1, whose EPS allowed each prescriber to parameterize his prescription individually, incorrect pharmaceutical form errors increased.
In spite of EPS's advantages over manual prescription, this study corroborates with the international literature that shows the EPS' potential to increase the number of errors and adverse events during the first years after its implantation, since its creation can evidence failures that are detected and corrected only after a given period 6,15, 16 . In this perspective, patient safety experts health professionals must be directly involved in the development and adequacy of the EPS with a view to designing systems that are safer and more efficient 15 .
Analysis of error severity showed a statistically significant reduction in the frequency of severe errors (category 4) with UFH (p<0.001), which was mainly due to the fact that prescriptions were more complete and organized in Stage 2, reducing errors associated with the pharmaceutical form of this medicinal product. This fact contradicts what has been detected in other international studies 16 and is extremely relevant, since this type of error has the potential of a wrong choice among UFH presentations available at the institution. Thus, since the injectable solution of the ampoule is four times more concentrated than the vial solution and considering the high frequency of prescription of this drug in the hospital environment, the wrong choice between the two presentations due to drug prescription failure can lead to defining errors in health and adverse events, such as thromboembolic or hemorrhagic events that may contribute to the worsening of the general state of the patient and even his death 17 .
In the KCl prescriptions, no statistically significant differences were detected in the severity of errors with the advent of EPS. However, it should be noted that, in manual prescriptions, many errors were gross with prominence for the readability of prescriptions, subject to different interpretations and, therefore, errors were potentially more serious. On the other hand, regarding typed prescriptions, errors were serial, systematic and repetitive due to failures in the system itself, leading to an increased number of errors. In addition, data such as patient information and readability of prescriber's signature were found in almost 100% of electronic prescriptions. This result evidences that, although electronic prescription minimizes interpretation errors caused by illegible or similar spelling of the nomenclature of pharmacological compounds, care should be taken to avoid technical errors 6,18 .
Some studies have already shown that EPS promote benefits in patient health and safety. The importance of reducing the frequency of prescription errors is also related to lower unnecessary expenses due to correction and prevention of incidents and adverse events that can, for example, prolong hospital stay and require additional examinations. We emphasize that an unreadable prescription usually requires contacting the prescriber for content elucidation and can extend the length of the medication process. These are direct and indirect costs that are borne by the institution and increase the total costs of health care 17,19,20 .
CONCLUSIONS
The implementation of EPS has improved the prescription process when one considers the organization and readability of prescriptions as contributing factors in reducing error frequency. The full parameterization of prescriptions was instrumental to the achievement of these results, since, there was a statistically significant decline in the overall frequency and specific types of errors in the hospital where drug description in the computerized system was complete.
The severity of medication errors after the introduction of EPS was affected differently in both hospitals, evidencing the need for careful observation when the prescription system is created and implemented. Therefore, it should be noted that control must be exerted over potential new errors introduced and their causes for the adoption of measures for their prevention during and after the implementation of this technology.
RESUMO
OBJETIVO: Avaliar a frequência e a gravidade de erros em prescrições envolvendo medicamentos potencialmente perigosos (heparina e cloreto de potássio concentrado injetável) antes e após a introdução de um sistema de prescrição eletrônica.
MÉTODOS: Trata-se de estudo retrospectivo que comparou erros em prescrições manuais e pré-digitadas de 2007 (Fase 1) com prescrições eletrônicas de 2014 (Fase 2) (total = 1.028 prescrições), em dois hospitais de alta complexidade de Belo Horizonte.
RESULTADOS: Foi observado no hospital 1 aumento de 25% dos erros depois da intervenção (p<0,001), e no hospital 2 foi verificada redução de 85% (p<0,001). Para o cloreto de potássio, a frequência de erros permaneceu a mesma no hospital 1 (p>0,05), independentemente da fase e, no hospital 2, ocorreu redução significativa na fase 2 (p<0,001). Foi identificada redução da gravidade dos erros com a heparina (p<0,001), mas não houve alteração na gravidade dos erros com cloreto de potássio (p>0,05).
CONCLUSÕES:
A frequência e a gravidade dos erros de medicação após a introdução de prescrição eletrônica foram impactadas de forma diferente nos dois hospitais, demonstrando necessidade de observação criteriosa quando o sistema de prescrição é modificado. Durante e após a implantação dessa tecnologia, deve existir controle dos novos erros potenciais introduzidos e suas causas para a adoção de medidas de prevenção desses eventos. PALAVRAS-CHAVE: Segurança do paciente. Prescrição eletrônica. Erros de medicação. Prescrições de medicamentos.
